Objective: Evidence suggests that area-level deprivation is associated with obesity independently of individual socioeconomic status; however, although the school may also have an impact on child health, few studies have investigated the association between school-level deprivation and the body mass index (BMI) of students. The aim of this study was to assess the relationship between the BMI for children of different ages and area-level and school-level deprivation. Subjects: BMI measurements were collected through the National Child Measurement Programme (NCMP) that samples from two school years: 396 171 reception year pupils (4-5-year olds) and 392 344 year 6 pupils (10-11-year olds) from 14 054 primary schools in England. Design: Cross-classified multilevel models with four levels: individual (n ¼ 788 525), lower super output areas corresponding to area of residence (n ¼ 29 606), schools (n ¼ 14 054) and primary care trusts (PCTs, n ¼ 143), which coordinate the collection of data within a large area, were used to study the relationship between measures of deprivation at an area and school level, and childhood BMI within England. Results: A positive association was found between the area and school measures of deprivation, and student BMI. Both the measures of deprivation explained a greater proportion of variance in BMI z-scores for year 6 students than for the reception year students, with a greater difference between the year groups found with the school-level measure of socioeconomic status than for the the area-level measure. Conclusions: Deprivation explains a greater proportion of the variance in BMI for older compared with younger children, perhaps reflecting the impact of deprivation as children age, highlighting the widening of health inequalities through childhood. The association with school-level deprivation illustrates the impact of the school on BMI status throughout the primary school years.
Introduction
There is an established and historical interest in the relationship between deprivation and obesity. 1, 2 There is much evidence linking deprivation to adiposity, 3 although this relationship can vary by characteristics such as age, sex and ethnicity. 1, 4 In England, as in other developed countries, obesity is associated with social and economic deprivation across all age ranges, 5 particularly among children, 6, 7 with data suggesting that more deprived children are less likely to follow a healthy diet or to take up physical activity. 8 There is also some evidence for widening inequalities in children due to deprivation over time. 6 In 2010 the Marmot Review into health inequalities in England, 'Fair Society, Healthy Lives', emphasised the importance of reducing health inequalities as a matter of fairness and social justice, calling for action to reduce the gradient in health, not only obesity, but also across all the social determinants of health. 5 The review recommends a community focus to tackle these inequalities as the physical and social characteristics of the area in which an individual lives makes a contribution to social inequalities, 5 as well as to the development of overweight and obesity, 9 with evidence that area-level deprivation is associated with obesity independently of individual socioeconomic status. 9 Within Fair Society, Healthy Lives proportionate universalism is promoted, in which actions are determined with a scale and intensity proportionate to the level of disadvantage within the communities. 5 Public health and epidemiological research also promotes the value of area-level deprivation in health research and obesity specifically, 10, 11 with area-based measures for children recognised as an important area of investigation 12 and evidence suggesting that area-level deprivation makes a contribution to the development of overweight and obesity. 2, 9, 13, 14 The deprivation of a neighbourhood is associated with characteristics of the food [15] [16] [17] [18] [19] and physical activity environment, 16, [19] [20] [21] [22] [23] which influence behaviour, 12 with more deprived neighbourhoods thought to be more obesogenic. 14, 24 Along with neighbourhoods, schools are a popular setting for interventions for childhood obesity 25 and there is some evidence of a school effect on the body mass index (BMI) of students. 26 Although no studies were found by the authors that incorporated both the area-level residential and school-level deprivation measures to ascertain whether the school-level deprivation had an effect independent of the area-level deprivation, previous analyses using the National Child Measurement Programme (NCMP) data have found a link between the area-level and school-level deprivation, and the overweight and obesity prevalence. [27] [28] [29] However, this has only been performed using aggregated data, with the effect of school-and area-level deprivation studied independently.
In this paper we build on previous multilevel studies that have found an inverse association between the area-level deprivation and children's obesity risk, 13, 14, 30 and those that have found a school effect on obesity 26 by investigating whether school-level deprivation is associated with children's BMI when controlling for area-level deprivation.
We also control for a number of other factors found at the individual, residential area, school and primary care trust (PCT) levels. We stratify our analysis into two year groups: reception year (4-5 years of age) and year 6 (10-11 years of age) to study any differences in the association of deprivation with age and to describe any widening of health inequalities over the primary school years.
Materials and methods

NCMP
Data for this paper come from the third annual NCMP, collected in the 2007/08 academic year. The target population for the NCMP is all students in the reception year (aged 4-5 years) and year 6 (aged 10-11 years) in every maintained primary and middle school in England. Height and weight measurements are taken by health professionals with children in 'normal light indoor clothing' without shoes or coats. The measurement exercise is coordinated locally by PCTs with the support and cooperation of schools. 29 PCTs are free-standing statutory bodies of the National Health Service that have the responsibility for securing the provision of a full range of primary care services for the local populations; 31 they will therefore have a role in obesity prevention. There are 152 PCTs covering all of England within which the collection of NCMP data is coordinated, with central coalition of the data conducted by the Information Centre of the National Health Service. 29, 32 Further details on the data collection and measurement can be found elsewhere. 29, 32, 33 The 2007/2008 NCMP data set contains anonymised information on just under one million individual children (total n ¼ 974 678), corresponding to 88% of eligible students. 28 This equates to 88% of all children in statemaintained primary schools in England, with over 80% of PCTs (123 from 152) achieving the target participation rate of 85% or more, 28 meaning that the NCMP provides a large data set that can be used for the study of obesity at a national and local level.
Measures
Outcome measure. BMI z-scores: We calculated z-scores by relating BMI measures from the 2007/08 NCMP data set to the UK90 growth reference.
34-36
Measures of deprivation. The child well-being index (CWI) represents the first attempt to create a small area index exclusively for children in England. The CWI is a composite score of seven domains (material well-being, health, education, crime, housing, environment and children in need) that are weighted and combined to create the overall index. 37 CWI scores were obtained from the Department of Communities and Local Government 38 and were assigned to the lower super output area (LSOA) of the individual, as determined by their postcode. LSOAs are geographical areas generated to be as consistent in population size as possible; they have a minimum population of 1000 and a mean of 1500; 39, 40 there are 32 482 LSOAs in England. 39 Free school meals (FSM) are available to children of parents who are income deprived. 41 This eligibility is means tested and schools with a higher percentage of pupils eligible for FSM are judged as having greater deprivation. The percentage of students eligible for FSM in schools was obtained from school census data provided by the Department for Children, Schools and Families. Both of these deprivation measures were standardised to have a minimum score of 0 and a maximum score of 1. This allowed regression coefficients to be calculated comparing individuals in areas with the highest deprivation score with those in areas with the lowest deprivation score.
Measures of independent correlates of obesity. Correlates identified from the past analyses using NCMP data [27] [28] [29] Deprivation and childhood obesity N Townsend et al found at individual, area of residence, school and PCT levels were included in order to control for their influence: Individual-level measures: Age, sex, ethnicity and the month in which the individual was measured. Ethnicity is classified in line with the National Health Service definitions and is obtained from school records, based on reports from the child's parents.
Area of residence measures (LSOA): Factors at the level of the area of residence of the individual were assigned to LSOAs, identified from the postcode of the student's home.
The measures included at this level were the CWI and an urban/rural classification obtained from the Office of National Statistics. Categories for the urban/rural variable can be found in Table 2 .
School-level measures: Number of pupils in the school and type of school were included at the school level along with number of pupils in the school eligible for FSM. Categories for school type can be found in Table 3 .
PCT-level measures: The number of pupils measured within the PCT against the total number of pupils eligible to be measured was included as a measure of PCT participation rate. 32 Participation rate includes those students opting out from being measured. Past analyses have found that PCTs with a lower participation rate have a lower prevalence of obesity, [27] [28] [29] suggesting that heavier children are more likely not to participate. Additionally, although PCTs were requested to collect height in centimetres and weight in kilograms to the first decimal place, 32 many appear to be routinely rounding a large proportion of their measurements to the nearest whole or half number. A variable of the proportion of measures for height and weight rounded to whole or half numbers was included as an indication of any digit preference in the recording of these data.
32
Statistical analyses CWI scores were applied to the LSOA level of the individual's residence; FSM entitlement was assigned to the school level, while data were collected by PCTs. As we also controlled for independent variables at each of these levels, we used multilevel regression models with four levels: individual, LSOA, school and PCT. Historically most multilevel modelling has assumed a hierarchical or nested structure, as many applications have a nested structure, and maximum likelihood-based methods, such as iterative generalised least squares, have been designed to work well for nested structures. 42 LSOAs, however, do not fit into a hierarchical model with schools and PCTs.
Children from any one LSOA may attend several different schools; this results in a cross-classified structure. The consequences of ignoring a cross-classified structure are the same as ignoring an important hierarchical classification.
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The conceptual basis for our four-level model is that the students are clustered within schools and that data are collected from these schools within the PCTs. At the same time, students in schools come from different LSOAs, although these LSOAs are not hierarchical to schools and PCTs ( Figure 1) .
We used Markov chain Monte Carlo methods in our analysis as they treat each set of classification units as an additive term in the model; hence it is no more complicated to fit a cross-classified model than a nested one using Markov chain Monte Carlo. 42 Analysis was stratified by the year group as recommended. 46 MLwiN version 2.15 (Centre for Multilevel Modelling, University of Bristol) was used to perform multilevel analysis with BMI z-score as the dependent variable, in which the residual variances are normally distributed.
Two models were calculated for each year group: (1) a null model, which includes the dependent variable only and controls for no independent variables and (2) the full model, which incorporates all the independent variables, including measures for area-and school-level measures of deprivation. The null model allowed us to calculate the total variation of BMI z-score at each level of the model, while the full model studied the impact of the area-and school-level deprivation while controlling for all other factors. The percentage of variance at the four levels explained by the deprivation measures was calculated from the residual error variances and expressed as a percentage of the overall variation from the null model; 44 Deprivation and childhood obesity N Townsend et al information on the sample demographics can be found elsewhere. 28, 47 Frequencies and mean BMI z-score for each independent variable are displayed in Tables 2-5 and these are separated into the four levels of the model: individual (Table 2) , area of residence (LSOA; Table 3), school (Table 4) and PCT (Table 5) . Just over half of the students measured in the NCMP were 'White British' as defined by the National Health Service ethnicity criteria, while mean BMI z-scores for both the year groups were greater than 0, indicating a higher BMI, when adjusted for sex and age, than the reference sample from the UK90 growth charts ( Table 2) . 36 Over 80% of LSOAs were classified as urban areas, supporting a population greater than 10 000, with less sparse surrounding areas; descriptive statistics for CWI quartiles indicated a greater mean BMI z-score with greater area deprivation for both the year groups (Table 3) . Over 60% of schools that took part in the NCMP were community schools, while descriptive statistics indicated that students in more deprived schools, those with a greater proportion of students eligible for FSM, had higher mean BMI z-scores (Table 4) . Participation was higher for the reception year pupils than the year 6 pupils, while some PCTs rounded 99.8% of weight measurements and 100% of height measurements to whole or half numbers (Table 5) . In the null model, controlling for no covariates, over 95% of the variance in BMI z-score was found at the student level for both the year groups. The lowest proportion of total variation in the null model was found at the area of residence (LSOA) ( Table 6) .
After controlling for all independent variables, crossclassified multilevel analysis found a significant positive association between both of the deprivation measures and BMI z-score for both the year groups ( Table 7 ). All deprivation measures were found to be significantly associated with the outcome measures at 5% level of significance; b coefficients were higher for the CWI than for the FSM (Table 7) , with these coefficients higher for the year 6 than for the reception year students. Reception year students in the most deprived areas, as measured through CWI, had a mean BMI z-score of 0.17 greater than those in the leastdeprived areas, whereas for the year 6 students they had a Deprivation and childhood obesity N Townsend et al mean BMI z-score greater than 0.22. The reception year students in the most deprived schools, as measured through FSM, had a mean BMI z-score 0.13 greater than those students in the least deprived schools; among the year 6 students they had a mean BMI z-score greater than 0.15. A larger proportion of the variation in BMI z-score was explained by CWI than by FSM for both the year groups (Table 8 ). Both of these measures explained a greater percentage of the variation in BMI z-score for the year 6 pupils than for the reception year pupils. The difference in the percentage explained between the two years was greater for FSM than for CWI (Table 8) .
Discussion
We found a significant positive association between increasing deprivation, at the school and area of residence level, and BMI z-score for both the year groups. These findings came from models in which a number of factors were controlled for, and both the area-level and school-level deprivation measures were included, indicating that deprivation at both these levels have an effect on student BMI. The deprivation measures explained a greater percentage of the variation in BMI z-score for the older pupils, with this being most striking for FSM, which increased by proportionally more between Deprivation and childhood obesity N Townsend et al the reception and year 6 pupils, indicating a widening of deprivation linked inequality as children age and demonstrating the influence of school-level deprivation throughout the course of primary school. By using cross-classified multilevel analysis, we were able to control for factors at many levels of influence, including data collection variables that have been found to be associated with outcome measures for the NCMP in previous analyses. [27] [28] [29] We also built on previous studies by examining the association of school-level deprivation while controlling for deprivation at the area level. As far as the authors are aware, this is the first investigation of its type. The main strength of this study is the large number of individuals measured as part of the 2007/2008 NCMP and therefore used within the analysis. The analysis completed for this study can also be viewed as a strength, as it allows us to separate determinants operating at the four levels while accounting for the cross-classified structure of the data. A weakness of the study is that although the NCMP provides measures for a large number of children, it collects little other information on factors that may influence BMI status. This means a limited number of factors can be controlled for and investigated, and data from other sources must be used for more in-depth analysis. We are unable to incorporate socioeconomic status indicators at the individual-level as recommended, 10, 11 although past research has suggested that area deprivation is associated with obesity independently of individual socioeconomic status. 9 A further weakness of our study is that we studied area-level deprivation, with these areas defined by LSOAs. As these areas are administrative boundaries, they may not reflect the areas important to the individuals living within them. 39, 48 It may prove more pertinent to investigate the impact of those areas that are appropriate to the study objectives themselves; that is, if we are truly to investigate the influence of neighbourhood on health behaviour, this neighbourhood area should 49 These data are also cross-sectional in nature, so we cannot infer causality between deprivation and BMI; we can only identify significant associations. Although many studies have investigated the link between childhood BMI status and deprivation, few have used a multilevel approach to investigate where the influence of deprivation acts. 1 The findings from this study support those of previous multilevel studies in linking higher levels of deprivation to higher levels of obesity. 13, 14, 22, 30 All these studies collected data from much smaller samples than this study, with some using self-reported height and weight, 13, 14 buffer zones to determine areas 13, 14, 22 or parental perception of neighbourhood, 30 with two also examining individual socioeconomic status measures. 13, 22 The measures of deprivation explained greater amounts of variation in BMI z-score for the year 6 students than for the reception year students. It may be that older students are influenced more by their environment; however, this may also reflect that older individuals have been exposed to the effects of deprivation over a longer period of time, indicating the widening of health inequalities between these ages. The relatively low amount of variation in BMI z-score for the reception year students explained by FSM may be because these pupils are in the first year of school and have not been exposed to school influences for long. The greater proportional increase in the percentage of variation explained by the FSM between the reception and year 6 than for the CWI highlights the impact of school-level deprivation on pupils throughout their school life.
Although this study investigates the link between arealevel deprivation, school-level deprivation and BMI, it does not allow us to determine what it is about deprivation that causes this link. The higher proportion of the variance of BMI z-score by the CWI than FSM may be an indication of the relative impact of deprivation at the school and home levels; however, the indices are also quite different. Although FSM entitlement is a measure based on income deprivation, the CWI is a composite score of many aspects of deprivation. This suggests that the link between deprivation and BMI is not only due to financial deprivation but is also linked to other inequalities related to deprivation, including education and housing. Future research and policy should therefore focus on not only moderating the inequality caused by economic deprivation but also other forms of deprivation that may also impact on child health. Further analysis on deprivation involving the NCMP could investigate the domains of the CWI on BMI separately, to investigate which of these domains has the greatest impact. A more complex analysis could investigate the environmental differences between the areas of varying deprivation, including the impact of factors in the food and physical activity environment on BMI. Further analysis could also investigate the interaction between deprivation and ethnicity, stratifying by ethnicity and the year group as recommended, 46 as the minority ethnic groups are more likely to live in the deprived areas, which may lead to confounding between the ethnicity and deprivation variables. The findings from this study support proposals from the Marmot Review in adopting a community focus to tackle deprivation inequalities in obesity, and suggest that the primary school years are important in the widening of inequalities in BMI status due to deprivation. They also suggest that a focus on school-level deprivation would augment any community focus.
